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PREFACE

Throughout all of history it is doubtful that any invention has so effectively
captured the interest and devotion of man as the automobile. The mobility
enjoyed by humanity in the twentieth century has become an integral compo-
nent of the modern lifestyle. In this first century of its history, more than a
billion automobiles have been manufactured to satisfy the appetite for personal
mobility. The marvels of mass production at times have reduced the cost of an
automobile to only a few months of personal income. Most profoundly,
however, for many people automobiles are a first love at some point in their
lives, taking first priority with their interest and finances. In the words from a
poem penned in earlier days:

I drive my “Lizzie” every day,

Up hill, down dale, and every way.
A faithful auto it has been

Even if it is of tin.

I’ll have to say — It’s rattling good.
— The engine, it’s beneath the hood,
— The wheels turn backward in reverse,
— The paint it’s looking worse and worse.

When I have money in my jeans,
I’ll not ride in a can of beans,

I’ll buy what’s called an “automobile.”
Won’t I look fine behind the wheel.

— T. N. Gillespie

Much of the infatuation with the automobile has centered around perfor-
mance—acceleration, braking, cornering and ride. The art is practiced by the
backyard mechanic, the racing enthusiast, and the automotive engineer. A
library of books, magazine articles, and technical papers has been written to
explain the engineering principles, the rules of thumb, and sometimes the
“wrong way”’ to enhance the performance of an automobile. Most of the books
written by practitioners from the racing circuits expound the wisdom of
experience but without rigorous engineering explanation. A few textbooks
have been written by those knowledgeable in automotive engineering, but the
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books are often rather analytical and theoretical in nature. This book attempts
to find the middle ground—to provide a foundation of engineering principles
and analytical methods to explain the performance of an automotive vehicle,
when those explanations are not too laborious, and to smooth the way between
the doses of equations with practical explanations of the mechanics involved.
The inclusion of engineering principles and equations biases the book to
interest only the engineer, but it is hoped that the explanations are complete
enough that those without a formal engineering degree can still comprehend
and use most of the principles discussed. V

Those responsible for the design and development in the manufacturing
companies today are challenged by questions about the qualities desired in the
product by the customer, and how these qualities are related to design and
manufacturing processes. In recent years the complexity of the automotive
design process has been increased by regulatory actions arising from the social
and environmental consequences of the millions of motor vehicles operating
on our highways. Added to this is the competitive pressure of the modern
automotive manufacturing industry. In order to remain competitive in the
future the manufacturers must seek ways to improve the efficiency of the
design and development processes and shorten the time span from concept to
production. Achievement of these goals requires a better understanding of the
automobile as a system, so that qualities and performance of proposed designs
can be predicted at an early stage in the design evolution, allowing refinements
to be introduced while there is minimal impact to program costs.

Acceleration, braking, turning and ride are among the most fundamental
properties of a motor vehicle and, therefore, should be well understood by
every automotive engineer. Performance in one mode is closely linked to the
others as a consequence of the dependence on a common set of vehicle
mechanical properties. To understand the vehicle as a system it is necessary
to acquire a knowledge of all the modes. Motion is the common denominator
of all these modes; thus, the study of this field is denoted as vehicle dynamics.

The objectives in writing this book were:

1) To introduce the basic mechanics governing vehicle dynamic
performance in the longitudinal (acceleration and braking modes), ride (ver-
tical and pitch motions), and handling (lateral, yaw, and roll modes). Engineer-
ing analysis techniques will be applied to basic systems and subsystems to
derive the controlling equations. The equations reveal which vehicle proper-
ties are influential to a given mode of performance and provide a tool for its
prediction. By understanding the derivation of the equations, the practitioner
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is made aware of the range of validity and limitations of the results.

2) Familiarization with analytical methods available. Over past
decades analytical methods have been developed for predicting many aspects
of automotive performance. Although the engineer has no need to master and
utilize these techniques in daily activity, a knowledge of their existence greatly
increases his/her value to the company. Awareness of these methods is the first
step in knowing what is possible and where to find the necessary tools when the
need arises.

3) Familiarization with terminology. Clarity in communication is
vital to problem solving. Over the years, appropriate terminology for automo-
tive engineering has been defined to facilitate communication. The study of
vehicle dynamics provides the opportunity to become familiar with the
terminology.

Thomas D. Gillespie
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